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FIBER AND FIBER PRODUCTS PRODUCED FROM FEATHERS 

BACKGROUND OF THE TWTOifPTppi 
Field o f the InvenliiQTi 

With the advent of increased poultry consumption both in the 
United States and abroad, increased poultry production has resulted 
in a concomitant increase in the amount of waste products for 
disposal by poultry producers. This invention relates to an 
article of manufacture and a manufacturing process which utilizes 
one of these waste products, feathers, in the production of fiber.' 
The fiber is subsequently utilized in a wide-ranging variety of end 
products • 

Description of the Prior Art 

Currently, feathers are a waste product for which disposal is 
..difficult. For example, the feathers may be hydrolyzed, then dried 
and ground to a powder to be used as a feed supplement for a 
variety of livestock, primarily chickens. It is a fairly expensive 
process, however, and results in a protein product of low quality 
for which the demand is low. Other disposal means such as burning 
or burying are also occasionally utilized, but these methods are 
considered environmentally unsound and are therefore largely 
prohibited. 

There have been no reports of any useful products manufactured 
from feathers or of any other useful purpose which they might 
serve. Therefore, the instant invention not only provides novel 
products and procedures but also solves an environmentally 
sensitive problem of waste disposal. 

Recognizing feather waste as a potential source of useable 
fiber, studies were begun to demonstrate and develop that 
usefulness by making commercially viable products. The initial 
project involved making paper from feather fiber pulp, which 
provided an additional environmental advantage. The increasing 
fiber demand by paper product users has placed a great demand on 
plant resources since paper products are composed primarily of 
cellulose. Generally paper pulp is prepared from plants by 
mechanically and/or chemically macerating the plant form to yield 
its component fibers which are subsequently collected and processed 
into pulp. The pulp is then utilized for the production of paper 
and paper products. Therefore, in addition to alleviating a 
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significant waste management problem, the invention also provides 
a means for reducing the pressure on forests as the sole source of 
the raw materials needed for the myriad paper products manufactured 
today. The invention provides an alternative source of these 
materials with considerably less waste and processing than occurs 
from wood-based sources, with a shift to feather utilization for 
useful products, feathers become a major poultry by-product instead 
of an environmentally difficult disposal problem. 

SUMMARY OF THE TUVEWTTQW 

We have discovered a method of utilizing feathers to make 
fibers and fiber pulp, useful for the manufacture of a wide variety 
of end products. In accordance with this discovery it is an object 
of the invention to provide a method of making fibers and fiber 
pulp from featiiers. 

It is an additional object of the invention to provide novel 
fiber and fiber products derived from feathers. 

Other objects and advantages of the invention will become 
readily apparent from the following description. 

BRIEF DE SCRIPTION OF THE DRAWING 

Fig. 1 is a schematic drawing showing the basic steps of 
making fibers from feathers and some uses for the fiber and fiber 
pulp compositions. 

nRTATT.Tgf^ DESCRIP TIOW OF THE INVEWTTQK 

Feathers can be utilized to make fibers which are an 
alternative to existing fiber types such as cellulose, silk and 
organic polymers. A wide variety of products may then be produced 
by utilizing the fibers either alone or in formulations with other 
fibers to form the raw material for the manufacture of a variety 
of end products including, but not limited to^ insulation, fabrics 
and filters. The fibers can be strengthened by the addition of 
adhesives, binders, sizing agents and otherwise modified by other 
additives such as dyes, mordants, whiteners or redox reagents. The 
fibers of the invention are advantiageous because of their ready 
availability and natural abundance. In addition, physical 
properties of fibers or fiber mixtures are easily varied according 
to the length or composition of the fibers or fiber mixtures. For 
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example, structurally, feather fibers have naturally-occurring 
nodes approximately 50 microns apart. These nodes are potential 
cleavage sites for producing fibers of uniform 40-50 /im lengths. 
In addition, feathers from different species vary in length: 
poultry feather fibers are approximately 2 cm in length while those 
derived from exotic birds such as peacocks or ostriches are 4 to 
5 cm or longer. Feather fibers are also thinner than other natural 
fibers resulting in products having a smooth, fine surface. 

Feathers from any avian species may be utilized since feathers 
from all avian sources have the characteristics which are necessary 
for the production of useful fibers. Feathers are made up of many 
slender, closely arranged parallel barbs forming a vane on either 

• 

side of a tapering hollow shaft. The barbs have bare barbules 
which in turn bear barbicels commonly ending in hooked hamuli and 
interlocking with the barbules of an adjacent barb to link the 
barbs into a continuous vane. Feather waste consists of insoluble 
fiber, soluble protein, fat and water. The insoluble fiber portion 
of the feather consists primarily of the proteins keratin and 
collagen. 

While not wishing to be bound by any particular treatment 
method, feathers treated according to the scheme presented in Fig. 
1 are effective for use in the production of fibers useful 
according to the invention. Feathers from any avian source are 
useful in the practice of the invention; however, since chickens 
are the major source of currently available feathers, the invention 
will be described with xespect to chicken feathers. The method 
comprises five basic steps: 

a) collecting new feathers; 

b) washing the feather in an organic solvent, 

c) repeating the washing step, 

d) drying the feathers and 

e) removing fibers from feather shafts. 

After collection, raw feathers are treated to remove oil or 
fat as well as to sanitize and partially dehydrate the fibers. 
Washing with agitation is carried out in an organic solvent, 
preferably a polar organic solvent such as about 95% ethanol, for 
about one hour, in approximately l.o to 1.5 gallons of solvent per 
pound of feathers. Lower solvent/solid ratios with more efficient 
agitation may be adjusted as deemed necessary for effective oil 
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removal, in addition, a surfactant, such as polysorbate 80, may 
also be included in the wash solution at about 0.5% (v/v). 

After removal from the first solvent, a second wash step is 
carried out to remove soluble protein and to further sanitize the 
feathers. Washing in an ethanol wash (about 70%) or other organic 
solvent or bactericidal agent (e.g., a sodium azide solution) 
and/or mixture, in approximately i.o to 1.5 gallons solvent per 
pound feather waste, for about an hour has been found effective. 
The feathers are then drained or otherwise separated from the 
solvent. Any residual solvent is removed by drying, such as in a 
forced air oven at a temperature range of about 60 to about 120 'c 
for about 6 hours, depending on the efficiency of the oven. Other 
comparable drying techniques may also be utilized. 

Following the washing steps, fibers are removed from the 
feather shaft using mechanical shredding or shearing. Fiber 
length, particle size and particle distribution criteria determine 
which of the proper shredding devices should be used. For example, 
linters produce long fibers (about 2.5 cm). Waring blenders produce 
medium length fibers (about 1.5 cm), and Wiley mills produce a 
range of short fiber lengths (<1.5 cm). The use of these devices 
for the preparation of fibers from other sources is well-known and 
within the level of ordinary skill in the art. They may be 
utilized for the preparation of fibers from feathers with little 
or no modification in known procedures. 

The feather fibers and shafts may be separated using linters 
(as described by Temming and Grunert. T«.«ininrf-T,ip i:ers.- T^ohnin;,-! 

InfPnnation — sd — Cottpn SaillllJZgs. 1973. Peter Temming AG, 

Gluckstadt, herein incorporated by reference) or other mechanical 
separation techniques depending on the ultimate use of the fibers. 
The presence of shaft material in the mixture provides a more 
granular, bulkier, light-weight material, such as would be 
preferable for fillers, on the other hand, its removal results in 
smoother, denser products. 

The fibers can be further treated by mechanical beating, for 
example with a Hollander beater, until the fibers are soft, pliable 
and supple. Variations in these properties as well as fiber length 
can be achieved as desired by modifying the beating and compression 
conditions. Alternatively, fibers may be subjected to chemical 
treatment with redox reagents such as 10% hydrogen peroxide for 
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about 1 hoiir* At this point, they may be utilized for the 
production of products or further treated to produce pulp. 

Coarse insulation can be produced from fibers obtained by 
shearing feathers, with both shafts and barbules present in the 
mixture. Fine insulation suitable for garments can be produced by 
removing the shaft material. Separating the shaft from barbule 
material also provides non-woven fibers useful, for example, in 
filter columns.' Open-ended containers are packed with the fibrous 
material which is held in place by screens or membranes at either 
end. In addition, textiles eire produced by spinning barbules into 
threads which are subsequently woven into fabric. 

Fiber pulp is obtained by combining fibers with water and/or 
other wetting agents or additives selected so as to tailor the 
final product according to its ultimate use. Products of different 
types and qualities can be produced from the pulp by varying the 
particular additives utilized. Acceptable wetting agents are ionic 
and non- ionic surfactants, such as sodium dodecylsulf ate and 
. polysorbate 80. 

Fiber pulp slurries are produced by mixing the pulp with water 
and/or other wetting agents in an amount sufficient for intended 
use. These slurries can then be adjusted to consistencies 
favorable for a variety of applications including extrusions, and 
the pressing and forming of objects of various shapes and sizes, 
e.g. trays, containers, vessels, tubes, frames or masts. Slurries 
can also be rolled and compressed into sheets and plates similar 
to particle board. Combination with appropriate foaming agents, 
such as Porofor* BSH, will produce a variety of lightweight filling 
materials for padding, packing and insulating. Fiber pulp slurries 
may also be used in the manufacture of non— woven fibers such as 
selective filters and general adsorbents. 

Additives such as mordants and dyes (e.g., titanium dioxide 
and iron oxide); binders (e.g., starch and casein); foaming agents; 
hardeners; chemical sizing agents (e.g., a ketene dimer emulsion); 
fillers; and other plant (e.g., kenaf , cotton rag, wood cellulose) 
or animal (e.g., collagen) fibers may be used. These agents are 
known to those of skill in the art and can be varied according to 
the requirements for the ultimate product. Chemical cross-linking, 
wetting and/or redox reagents may also be utilized as needed. 

T 5 - 
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Existing techniques and technologies may be utilized to 
manufacture the products of interest. The procedures are well- 
known in the art, and the fiber pulp described fits directly into 
productions schemes already established, . Paper products are made 
as outlined by Smook, G.A. r Handbook for Pulp & Pap^i- 
yec^noloqj.^ts. 1989* Canadian Pulp and Paper Association, Montreal) 
or Clark, J d'A. (pulp Technology and Treatment for Paper , 2nd ed. 
1985. Miller Freeman Publications, Inc., San Francisco) for 
printing grades, industrial grades, specialty grades and tissue 
paper. Corrugated materials such as cardboard are made directly 
from paper products in existing corrugation machinery according to 
Higham, R.R.A. (A Handbook of Pa perboard and Board - 1970, Vol.1: 
Manufacturing Technology; and 1971. Vol. II: Technology of 
Conversion and Usage, Business Books Limited, London) or 
Chamberlain, M.R. and Bowler, J.F. f Dictiona ry of convertiti^ . 1992. 
Blackie Academic & Professional, London). Fiber pulp slurry is 
adjusted to consistencies effective for extrusion or pressing and 
forming various shaped and sized objects such as trays, containers, 
vessels, tubes, frames or masts according to Higham or Chamberlain 
and Bowler, SHBCa- Fiber pulp is rolled and compressed into sheets 
and plates such as particle board. Fiber pulp is combined with 
appropriate foaming agents to produce a variety of light weight 
filling materials for padding, packing and insulating. Fiber pulp 
can also be used to manufacture selective filters and general 
adsorbents as described by Nachinkin, O.I. ( Polymeric Microf iHi^i-^ . 
1991. Ellis Horwood, New York). 

The following examples are intended only to further illustrate 
the invention and are not intended to limit the scope of the 
invention as defined by the claims. 

EXAMPLES 

Example 1 
Preparation of Fibers 
Ten grams of feathers are washed and sanitized in 500 ml 95% 
ethanol with agitation for one hour. The washed feathers are 
removed from the wash solution and further washed and sanitized in 
500 ml 70% ethanol for one hour. After draining off the second 
wash solution, the feathers are dried, then passed through a 
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commercial Wiley mill containing a 10 mesh screen. The resulting 
material is then passed through the Wiley mill containing a 20 mesh 
screen • 

Example 2 
Preparation of Fiber Pulp 
About 5 g commercial casein glue (Elmer's Glue, Borden Co., 
Columbus OH) is added to 5 g water and mixed, followed by the 
addition of 10 g ethanol. The solution is sonicated to remove air 
bubbles and mixed with 10 g fibers prepared as described in Example 
1 to form a fiber pulp slurry. 

Example ^ 

Preparation of Paper f rcwi Fiber Pulp 

A slurry prepared according to Example 2 is spread evenly over 
a thin 12" x 12" polyethylene plastic sheet overlaid onto an 11" 
X 11" X 1/4" plexiglass plate with a spatula, tamped even with a 
12" X 1" X 1/8" straight-edge, and allowed to air dry overnight. 
A mist of ethanol is sprayed onto the sheet, and the sheet is 
allowed to dry under about 0.5 to 10 ton pressure per square inch 
in a hydraulic press between two polyethylene lined plexiglass 
sheets. After pressing, the polyethylene sheets are removed from 
the product. This process is sufficient to produce an 8 1/2" x 11" 
sheet of paper. 

. Example A 
Preparation of Composite from Fiber Pulp 
After washing, sanitizing emd drying as described in Example 
1, 5 g feathers are placed in a high speed commercial Waring 
blender and sheared for 2.5 min. A shaft-free fraction of fiber 
is obtained by passing the mixture through a small 6" fan blowing 
into a 2' X 2' X 10' box made of household screening. Fiber which 
carries more than 8' is collected. One pound of this fiber 
fraction is placed in a Hollander beater containing about 0.5 ml 
Tween in 20 gal water and beaten for 3 hrs. The beaten fiber pulp 
slurry is collected. [NOTE: Optionally the fiber is chemically 
treated with hydrogen peroxide to further whiten the fibers and to 
enhance the pulp-like properties of the fiber.] The sample is 
dried overnight in a forced-air oven at 105 *C. About 8 g dried 
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fiber pulp is beaten with 2 g kenaf , 0.5 g casein glue solution and 
300 ml water in a Karing blender for 5 min. The pulp slurry is 
poured onto a thin 12" x 12" polyethylene plastic sheet and 
overlaid onto an 11" x 11" x 1/4" plexiglass plate. The slurry is 
spread evenly over the polyethylene sheet with a spatula and tamped 
even with al2"xl"x 1/8" straight-edge. The slurry is allowed 
to air dry overnight. A mist of ethanol is sprayed onto the sheet, 
and the sheet is allowed to dry under about 0.5 - 10 ton pressure 
per square inch in a hydraulic press between two polyethylene lined 
plexiglass sheets. The polyethylene is removed from the product, 
a flat composite sheet of feather /kenaf fiber. 

While the above Examples describe procedures carried out by 
hand, mechanized procedures are preferable for mass production. 
These procedures are described in the above-cited references, all 
of which are herein incorporated by reference, and fiber and fiber 
pulp compositions may be utilized in these procedures with little 
or no modification. 
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We claim: 

1. Fibers derived from featOiers. 

2. A composition comprising fibers derived from feathers. 

3. The composition of claim 2, wherein said fibers have been 
subjected to treatment to render them soft and pliable, wherein 
said treatment is beating or chemical treatment with redox 
reagents, wherein said redox reagent is preferably hydrogen 
peroxide, and wherein said composition preferably additionally 
comprises additives selected from the group consisting of 
adhesives, binders, sizing agents, dyes, mordants and whiteners. 

4. A composition comprising fiber pulp, wherein said fiber pulp 
comprises fiber derived from feathers and water or wetting agents. 

5. The composition of claim 4, wherein said fiber pulp comprises 
fiber derived from feathers, water and wetting agents, and wherein 
said composition preferably additionally comprises additives 
selected from the group consisting of mordants, dyes, binders, 
foaming agents, hardeners, chemical sizing agents, fillers, plant 
fibers and animal fibers. 

6. A method of making fiber from feathers, said method comprising: 

a) collecting raw feathers, 

b) washing said feathers in an organic solvent, preferably 
ethanol, said ethanol preferably being about 95% ethanol, said 
solvent preferably additionally comprising a solvent, preferably 
for about one hour, 

c) repeating said washing step, preferably in an organic 
solvent , said organic , solvent preferably being ethanol , said 
ethanol preferably being sU3out 70% ethanol, 

d) drying said feathers, and 

e) removing fibers from feather shafts. 

7. The method of claim 6, wherein said washing step b) is carried 
out at a ratio of about 1.0 to eax>ut 1.5 gallons of organic solvent 
to one pound of feathers. 

8. The method of claim 6, wherein said organic solvent is a 
bactericidal agent, preferably sodium azide solution. 

9. The method of claim 6, wherein said washing step c) is carried 
out in a mixture of ethanol and bactericidal agent, and/or said 
washing step c) is carried out at a ratio of about 1.0 to about 1.5 
gallons of solvent to one potind of feathers, and/or said drying 
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Step is carried out by drying said fibers at about 60 'c to about 
120*C. 

10. The method of claim 6, wherein said fibers are removed from 
feather shafts by mechanical shredding or shearing, preferably 
including a step of separating fiber material from shaft material 
after the removal of fibers from shafts, and/or subjecting the 
fibers to treatment to render them soft and pliable, said treatment 
preferably being beating or chemical treatment with a redox 
reagent, wherein said redox reagent is preferably hydrogen 
peroxide . 

* 

11. A method of making fiber pulp, said method comprising mixing 
fibers derived from feathers with an effective amount of water or 
wetting agents. 

12. A method of making fiber pulp, said method comprising mixing 
fibers derived from feathers with an effective amount of water and 
wetting agents* 
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